Patagonia is considered to be the most important source of dust from South America that is deposited in surrounding areas, and we present here a systematic Sr and Nd isotopic study of sediment currently being exported. Eolian and suspended riverine sediments from Patagonia have a homogeneous chemical and isotopic composition that results from the mixing of by-products from explosive Andean volcanism, derived from the extensive Jurassic silicic Province of Chon Aike and pyroclastic materials from the basic to intermediate southern Andean Quaternary arc, which are easily denudated and dispersed. The main Andean uplift and the glaciations that began in the Late Tertiary account for the extensive distribution of these sediments in the extra-Andean region. The present geochemical signature of Patagonian sediments was produced during the Pleistocene, along with the onset of the southern Andean explosive arc volcanism. Previously published compositions of sediments from other southern South American source regions, assumed to be representative of Patagonia, are distinct from our data. Considering the alleged importance of Patagonia as a dust source for different depositional environments in southern latitudes, it is surprising to verify that the chemical and isotopic signatures of Patagonian-sourced sediments are different from those of sediments from the Southern Ocean, the Pampean Region or the Antarctic ice. Sediments from these areas have a crustal-like geochemical signature reflecting a mixed origin with sediment from other southern South American sources, whereas Patagonian sediments likely represent the basic to intermediate end-member composition.
Introduction
Wind-transported dust is a tracer of atmospheric circulation and also supplies worthy information on the climatic conditions prevailing in source areas. The analysis of dust provenance in different depositional environments (e.g., continents, ocean, polar ice sheet), is of vital importance to improve our understanding on the variability of dust concentration and composition, and to constrain models of atmospheric circulation and dust transport. Thus, the accuracy of atmospheric dust model simulation depends largely on the correct determination of continental source areas (Grousset and Biscaye, 2005) . Prospero et al. (2002) showed that in South America there are three persistent dust sources: Patagonia (39°-52°S), central-western Argentina (26°-33°S), and the Puna-Altiplano plateau (19°-26°S) , and suggested that these sites were probably much more active during the LGM (Last Glacial Maximum). Apart from different latitudinal positions, these areas also have different source signatures that assist in tracing the path of exported sediments and, moreover, in establishing the latitudinal displacements of westerlies or the role played by other wind-systems during the Late Quaternary.
From the three areas mentioned above, Patagonia is the most important dust supplier in southern South America (Prospero et al., 2002) and it is the only continental landmass south of 39°S, where the atmospheric circulation is totally governed by westerly wind dynamics. Thus, a marked precipitation deficit recorded in the main Patagonian plateau and strong westerlies that sweep this region turn the atmospheric pathway into the main transport agent representing about 90% (35 g m − 2 y − 1 ) of the particle mass delivered to the SW Atlantic (Gaiero et al., 2003) . Moreover, atmospheric circulation models estimate that wind strength was much higher during the LGM (Lunt and Valdes, 2001 ). In consequence, materials derived from this area were extensively used to explain loess deposition in the Pampas (Zárate, 2003 and cites therein) and to reconstruct paleo-atmospheric (Grousset et al., 1992; Basile et al., 1997; Smith et al., 2003; Delmonte et al., 2004a) and -oceanic circulation Walter et al., 2000) in different southern environments (e.g. Argentinean Pampean Region, Southern Ocean, Antarctica). In most cases, however, researchers working in the reconstruction of paleo-environments in the southern hemisphere have employed sparse geochemical and isotopic data from southern South American materials (Grousset et al., 1992; Basile et al., 1997; Walter et al., 2000; Delmonte et al., 2004a) and, further, there are no regional and systematic studies that define their signatures based on the study of likely sources.
It is clear then, that a key aspect to improve atmospheric circulation models (AGCMs) in the region is to understand primarily the characteristics of South American dust sources. In this work we move in this direction, determining isotopes and trace elements in the most abundant Patagonian rocks, and we seek to establish the extent to which they contribute to the chemical and isotopic signature of the Recent sediments exported from this region.
In a companion paper, Gaiero et al. (2004) started defining the signature of materials exported from Patagonia, showing that REEs patterns in both, riverand wind-borne material exported from Patagonia match well with Recent tephra from the Hudson volcano located in the southern Andes. Now, new Sr and Nd isotopic data measured in top soils, eolian dust, and river bed sediments, along with the composition of major and trace elements others than REEs, allow us to dig deeper into the geochemical "fingerprint" of Recent Patagonian sediments. Hence, one of the main goals in our study is to produce a well-defined geochemical signature for the sources that supply the pool of particles that have contributed to the long range atmospheric dust transport in the region.
Study area
The main features of the Patagonian region were summarized by Gaiero et al. (2003, 2004 and references therein) . Briefly, climate is controlled by the westerlies that, after the Andean uplift (Late Tertiary), discharge most of their moisture on the Andes and continue as dry winds to the east. This situation determines that only a narrow strip along the Andes, with steep slopes and significant rainfall, is the active supplier of most of the weathered material that is currently being exported. Thus, a comprehensive geochemical study of the sediments exported by one of the Patagonian rivers (Chubut), indicates a preeminence of physical denudation that is not restricted to present times but also occurred during repeated cycles recorded in the geological past. By virtue of a similar geological history, this scenario could be shared by other Patagonian rivers draining the eastern slope of the Andes (Pasquini et al., 2005) .
During glacial-interglacial periods, southern Andean glaciers delivered huge volumes of rock-flour and coarse debris. Hence, unconsolidated alluvial deposits of the last cold Pleistocene period were spread over the whole region, which were later capped by a 5 to 10 cm-thick Holocene sandy layer of fluvial origin (e.g., Clapperton, 1993).
Patagonian geology
The geology of Patagonia is dominated by volcanic rocks erupted since Jurassic times. Basement outcrops are restricted to areas within the Patagonia Massif and in the Andean Cordillera, exhibiting a wide variety of crystalline and sedimentary sequences (Pankhurst et al., 1999) . The Mesozoic-Cenozoic Patagonian Batholith runs the length of the western (Chile) Andean cordillera and only occurs north-east of the Andes forming two belts; the Sub-cordilleran batholith, and the batholith of Central Patagonia that extends as far as the Deseado Massif, near the Atlantic coast (Pankhurst and Rapela, 1995; Pankhurst et al., 1998) (Fig. 1) . Jurassic volcanic rocks are predominantly rhyolitic ignimbrites that constitute one of the world's most voluminous silicic provinces, extending as far south as the Antarctic Peninsula. They comprise several formations in Patagonia grouped Table 1 ). The Jurassic volcanic province (Chon Aike) and their Andean formations (I; Ibañez, Q; El Quemado, T; Tobífera), together with the Patagonian Batholith distributions are based on Rapela et al. (2005) . Cenozoic volcanism and the Quaternary volcanism distribution are based in the work of D 'Orazio et al. (2000) and Futa and Stern (1988) . Dots indicate suspended particulate matter (SPM) and bedload samples (BS) locations. Squares denote topsoil (TS) sampling locations and triangles denote eolian dust (ED) sampling stations. The geographic coordinates of the samples are shown in Table 1 . within the Chon Aike Province (Pankhurst et al., 1998) ( Fig. 1) . Rocks outcropping to the east contrast with those in the Andean Cordillera (El Quemado, Ibañez and Tobífera Formations), as they are locally deformed, tilted and thrusted as a consequence of Andean (CretaceousTertiary) deformation, and strongly affected by hydrothermal alteration (Pankhurst et al., 1998) . Outcrops of these rocks extend from 40°S down to 54°S and their lithological type is similar to that of the eastern Chon Aike Formation; i.e., dominantly rhyolitic ignimbrites. The geomorphologic features of extra-Andean Patagonia are mostly delineated by one of the largest Cenozoic retroarc continental basaltic provinces (Rapela et al., 1988) , where mafic plateau volcanism has occurred throughout Tertiary to Recent time. This volcanic province includes two main series: the Cordilleran Series to the west, which is restricted to a narrow area in the Andes (between 40°S and 43°S) with rhyolitic ignimbrite facies and widespread andesitic composition, and the Basaltic Plateau Series to the east, outcropping all along the Patagonian territories showing a typical basaltic composition (D'Orazio et al., 2000) ( Fig. 1) .
During the Quaternary, frequent volcanic eruptions occurred in the Andean region having a dominantly basaltic and basaltic-andesitic composition (e.g., Stern, 2004) . The southern volcanic zone (SVZ) of the Andean Cordillera is mainly composed of high Al 2 O 3 basalts and basaltic andesites, whereas the austral volcanic zone (AVZ) is dominated by magmas with an adakitic signature (Sigmarsson et al., 1998) . A further division of the SVZ was introduced by Futa and Stern (1988) into the northern SVZ (NSVZ)(north of 37°S, not shown in Fig. 1 ) and the southern SVZ (SSVZ) (Fig. 1) .
Samples location and analytical methods
Since 1995 and during eight different expeditions we collected river bed and suspended sediment samples in the eight main Patagonian rivers. Likewise, we collected top soil samples all along the Patagonian tableland and eolian dust samples down the coast (at three stations). All sampling locations are indicated in Fig. 1 . The detailed sampling procedure was published elsewhere (Gaiero et al., 2003 (Gaiero et al., , 2004 .
Chemical analyses were performed at the EOSTCentre de Géochimie de la Surface, CNRS-UMR 7517, Strasbourg, France. Major, trace element and isotopic composition of the above mentioned materials are shown in Table 1 . Sediments were digested by means of the alkaline fusion method (Li 2 B 4 O 7 , 1050°C, with HNO 3 digestion) and chemically analyzed for major (ICP-AES), minor and trace components (ICP-MS).
Standard curves of each element were constructed using international standards (BE-N-basalt, GS-N-granite, AN-G-anorthite, FK-N-feldspar) from the CRPG, Nancy, France. Following this methodology the precision based on five determinations was 2% for major and 5% for trace elements. This technique was checked using the geostandard OU-4 (Penmaenmawr microdiorite) and the results obtained for the determined elements are reported in Table 2 . REE composition was already published in Gaiero et al. (2004) .
Strontium and Nd isotopic compositions were determined at the Université Paul Sabatier (Toulouse), using a Finnigan MAT 261 multicollector mass-spectrometer. For isotopic measurements sediments were dissolved into Savillex beakers in a (HF + HClO 4 + HNO 3 ) mixture and Sr and Nd were chemically separated through ionic chromatographic columns following techniques reported elsewhere (Richard et al., 1976; Pin et al., 1994 Uniform Reservoir) value is 0.512638 (Jacobsen and Wasserburg, 1980) . The Sr and Nd isotopic measurements as well as major and trace element analyses were carried out on bulk samples (eolian dust and suspended matter) and on a specific grain-size fraction (b 63 μm, for bed load and top soil samples). Sedigraph's analyses of eolian dust samples from the three sampling stations indicate that a mean of 86 ± 4% of the mass corresponds to particles with equivalent spherical diameters b 10 μm (Gaiero et al., 2003) .
The Sr concentration in carbonates is very high and could produce in sediments a distinct Sr isotopic composition. Dissolved 87 Sr/ 86 Sr composition determined in the eight Patagonian rivers draining the whole region indicate a minor contribution from marine carbonates and evaporites (Brunet et al., 2005) . In addition, carbonates in the suspended and bed load of these rivers are low (Gaiero et al., 2002 (Gaiero et al., , 2004 . In the case of top soils, X-ray diffraction indicate the presence of calcite in some samples (e.g., Fitz Roy, Rio Colorado, Güer Aike) while in others it was a trace content or was not detected (Gaiero et al., 2004) . Nevertheless, data from Table 1 
Results and discussion

A uniform isotopic signature for a vast region
Similarly to REE patterns and mineralogy (Gaiero et al., 2004) , Fig. 2 indicates that Patagonian top soils (TS) show a homogeneous Sr and Nd isotopic composition (mean 87 Sr/ 86 Sr = 0.705673 ± 0.000523 / ε Nd (0) = − 0.04 ± 0.52). Bearing in mind that the TS sampling design covered a north-south span of about 1500 km (Fig. 1) , the uniform chemical and isotopic composition can only be explained by the occurrence of geological processes operating at a regional scale that homogenized the uppermost sediment layer.
Analyses of matrix material in glacial deposits have been used to estimate the average continental composition (Goldschmidt, 1933) , and the southern Andes were repeatedly glaciated since the late Miocene, from 38°44′S to 55°59′S (Rabassa and Clapperton, 1990) . It follows then that late Cenozoic deposits from extraAndean Patagonia are directly associated with the interaction between glaciations and the Andean orogeny. During different glacial-interglacial cycles the Patagonian fluvial systems transported enormous amount of sediments glaciated from the southern Andes which were spread over about 600,000 km 2 of extra-Andean Patagonia (Lapido and Pereyra, 1999) .
Wind and rivers employ independent means to sample the Earth's surface. Compared to rivers, Patagonian westerly winds sample large geographical areas and therefore, latitudinal eolian dust samples (ED) also depict a chemical (Gaiero et al., 2004) and isotopic composition which is similar to TS (mean ED 87 Sr/ 86 Sr = 0.706285 ± 0.000314 / ε Nd (0) = − 0.33 ± 0.89) (Fig. 2) . The latter shows the difference of a slightly more radiogenic Sr composition for ED, most likely as a consequence of transport-induced sorting (Fig. 2) . Moreover, contrasting with Sr isotopes, Nd isotopes are not significantly affected by a grain-size differentiation (e.g., Walter et al., 2000; Smith et al., 2003) . Only the isotopic composition of the northernmost Patagonian TS sample (Rio Colorado, Fig. 1 ) seems to be influenced by sedimentary material derived from the Colorado River drainage basin (see explanation below in this section). The slightly more unradiogenic ε Nd (0) in dust can be explained by the contribution of samples like the ones from Ingeniero White (near Bahia Blanca, see Fig. 1 and Table 1 ) that suggest that at the northern border of Patagonia, dust particles could derive from the (Table 1) . Shadowed areas represent the isotopic composition of the most representative Patagonian rocks (see Fig. 1 ). Numbers in brackets correspond to mean Sr and Nd isotopic composition of each rock type. Data were taken from: Quaternary volcanism (GEOROC database available at http://georoc.mpch-mainz. gwdg.de and this work), Tertiary Plateau lavas (Hawkesworth et al., 1979; Kay et al., 1993; Gorring and Kay, 2001; Gorring et al., 2003; D'Orazio et al., 2003) , Jurassic rhyolites (Parada et al., 2001; Riley et al., 2001 and this work). Within the shadowed area representing Andean Jurassic rhyolites we also included a tuff sample from the Bosque Petrificado ( Fig. 1 and Table 1 ).
Colorado River floodplain (Zárate, 2003) or from another source (north, northwest?).
Although the isotopic composition of bed sediments (BS) from the three most important Patagonian rivers (Negro, Santa Cruz, and Colorado) exhibit Sr isotopic composition similar to TS and ED (mean 87 Sr/ 86 Sr = 0.706120 ± 0.000543), a more negative mean ε Nd (0) for BS (− 2.03 ± 0.75) reflects the contrasting lithology of each drainage basin. For example, the isotopic signature of the Santa Cruz River bed sediments seems to be biased by the only Andean Patagonian outcrop of metasedimentary basement on the eastern slope (mean 87 Sr/ 86 Sr = 0.72184/ε Nd (0) = − 7.6) (Kilian and Behrmann, 2003) . On the other hand, volcanoes in the NSVZ are located along the continental divide, on the Chile-Argentina border and the Colorado River drains this area. This feature would explain the isotopic signature of bed sediments from the Colorado (Fig. 2 , see also Section 4.3).
Rock sources defining the Recent Patagonian sediments signature
By virtue of the atmospheric circulation and discrepancies in the chemical composition (Gaiero et al., 2004) , we have to assume the lack of significance of other areas as likely sources supplying sediment to the Patagonian plateau. Hence, to study the origin of sediments currently being exported from this region, we probed into the chemical and isotopic composition of the main outcropping rocks.
Considering a possible grain-size fractionation of Sr and the conservative behavior of Nd, isotope compositions of Recent Patagonian Materials (RPM: top soils, eolian dust and bed sediments) appear to match well with materials derived from AVZ, NSVZ and the more evolved basaltic rock from the Tertiary Plateau lavas (Fig. 2) . However, some arguments -as those presented below -indicate that a single or a mixed source for the RPM, made up with basic rocks, is discarded. Most likely, the RPM signature seems to contain an old continental component that could explain better its offset position from the average composition of the main mantle-derived material.
The best candidates to explain the old crustal signatures observed on RPM are the extended Jurassic silicic volcanism, the Late Triassic-Late Cenozoic plutonic rocks (Patagonian Batholith) and the Paleozoic-Early Mesozoic metasedimentary basement. The plutonic rocks of the Patagonian Batholith contain a typical mantle-derived isotopic signature (mean 87 Sr/ 86 Sr = 0.70542 / ε Nd (0) = 0.04) (Pankhurst et al., 1999; Kilian and Behrmann, 2003) and, together with the metasedimentary basement, their presence is confined to a restricted area on the eastern slope of the Andes, with scarce regional importance (Fig. 1) . Consequently, and based on both, their lithological type (dominant poorly welded ignimbrites) and their extended geographic distribution, the most prominent crustal-like rocks that could explain part of the RPM isotopic composition seem to be those supplied by Jurassic volcanism. Evidences indicate that the Ibañez and El Quemado Formations are close geochemical correlatives with rocks from the Antarctic Peninsula (Pankhurst et al., 1998) . Therefore and due to the scarcity of data for Andean rhyolites, we employed with confidence the data from Antarctic rhyolites in our interpretation (Figs. 2 and 3d ).
If we assume the above as a truthful scenario then the question is, which of the basic to intermediate volcanic rocks (Tertiary or Quaternary volcanism) are the main sources of RPM? Alike the isotopic composition, RPM depict a homogeneous chemical signature (Fig. 3a) . The mixed origin hypothesis leads to higher incompatible element concentrations than Tertiary and, to a lesser extent Quaternary volcanism, but similar to the more evolved Jurassic rhyolites (Fig. 3a-d) . Geochemical as well as geographical aspects help to discard Tertiary volcanic rocks as the main basic to intermediate rock contributor to the RPM signature. Their magmas derive from the subslab mantle, and depict a typical intra-plate geochemical signature (Gorring et al., 2003; D'Orazio et al., 2003) , with low incompatible and high compatible element concentrations, and REE patterns almost rectilinear showing LREE-enrichment and high LREE/ HREE ratios (Fig. 3c) . Moreover, they occupy the eastern and relatively flat foreland of Patagonia (Fig. 1) , where glacial activity was absent and arid conditions prevailed since the Miocene, thus producing a reduced sediment mass.
Consequently, the mantle-derived end-member found in RPM must be explained by the contribution of the extended explosive arc volcanism of the Patagonian Andes. Within the southern Andes, the extreme geographical position of the AVZ (south of 49°S) and NSVZ (north of 37°S) (Fig. 1) and the dominant atmospheric circulation (westerly winds), preclude a regional influence on the chemical and isotopic composition of RPM. From a geochemical point of view, these volcanic zones erupted lavas with high and variable La/Yb ratios (insert Fig. 3b ). In the case of the AVZ, high La/Yb ratios are due to the partial melting of the young and heterogeneous subducted Antarctica plate (Sigmarsson et al., 1998) and, in the case of the NSVZ, due to the likely presence of garnet in the magma source (e.g. Stern, 2004) .Thus, mean REEs patterns found on these volcanic zones are different to the pattern exhibited by the SSVZ, which is very similar to the ones characterizing RPM (Fig. 3a and b). Then, within the southern Andes, the most solid candidates to explain the RPM basic to intermediate composition are the materials derived from the SSVZ (37°S to 48°S).
This hypothesis is further supported by the isotopic mixing model shown in Fig. 4 , which indicates that SSVZ materials together with Jurassic rhyolites are good end-members in a mixing hyperbola explaining the RPM isotopic composition (Fig. 4a) . The insert in Fig. 4a shows the mixing hyperbola that includes samples from Jurassic Antarctic volcanism. An improved fit of the hyperbola to the RPM isotopic composition is achieved when only Patagonian Jurassic rhyolites are considered (Fig. 4a) , indicating that about 60% of the RPM signature is made up with materials erupted from the SSVZ and 40% with the silicic Jurassic rocks. Then, Fig. 4b indicates that to make-up the typical RPM geochemical signature, the evolved Jurassic rock should supply a high proportion of the most incompatible elements, while SSVZ should contribute with the most compatible ones. Elements located between the two end-members (incompatible/compatible) seem to be supplied in equivalent proportions by the two rock types. The mixing contribution of both rock types also help to explain the typical REEs patterns that characterize RPM, where evolved Jurassic volcanism contributes with a high proportion of LREEs (the most incompatibles REEs), while HREEs concentrations are supplied in a similar amount by both rock types (insert Fig. 4b ). Mixing proportions obtained from Fig. 4a allow the reconstruction of the mean composition of RPM (Fig. 4c) .
The Hudson contribution to the Recent Patagonian material signature
The eruptive history of the Hudson volcano is traced back to 1.0 Ma (Orihashi et al., 2004) . Many previous investigations indicate the significance of the Hudson volcano (the southernmost volcano in the SSVZ, see Fig. 1 ) as an important particle supplier to the Patagonian surface (Scasso et al., 1994; Smellie, 1999;  Table 1 . Aluminium oxides, Fe 2 O 3 , Zr, Ti, Ni, Cr and REEs data as in the work of Gaiero et al. (2003 Gaiero et al. ( , 2004 . Data were taken from: Quaternary volcanism (GEOROC database available at http://georoc. mpch-mainz.gwdg.de, López-Escobar et al., 1993; Déruelle and Bourgois, 1993; Naranjo and Stern, 1998; D'Orazio et al., 2003 and this work), Tertiary Plateau (Hawkesworth et al., 1979; Kay et al., 1993; Gorring and Kay, 2001; Gorring et al., 2003) Gaiero et al., 2003 Gaiero et al., , 2004 Stern, 2004) . Tephrochronological studies indicate that around 6700 BP the Hudson volcano produced the largest Holocene eruption in the southern Andes (N18 km 3 of tephra) (Naranjo and Stern, 1998) . Additionally, in 1991 this volcano erupted 4-7 km 3 of tephra distributed over 150,000 km 2 in Chile and Argentina, thus producing the second largest eruption during the 20th century (Scasso et al., 1994) . To what extent the materials erupted from this volcano explain the mantle-derived signature of Recent Patagonian materials?
The Hudson volcano shows a chemical (notably REE patterns) and isotopic composition that is very close to that of other volcanoes included in the SSVZ making it difficult to discriminate its influence on RPM (Figs. 2  and 3b) . However, unlike the typical calc-alkaline arc magma signature that characterizes SSVZ, the Hudson depicts a within-plate basaltic characteristic, with a significant decrease in the LILE/HFSE ratios (Ramos and Kay, 1992) , mostly explained by remarkably high Nb and Zr concentrations (D'Orazio et al., 2003) . Independent of sorting mechanisms (Gaiero et al., 2004) , RPM (particularly important on TS and ED) depict high Zr concentrations (Fig. 3a) . Finally, the above suggested rock mixing contribution that build-up the typical RPM fingerprint is also confirmed using LILE/HFSE ratios (Fig. 5) , which also leads to discard a significant contribution from other basic to intermediate rocks.
Patagonian dust signature in different high latitude environments
We now have a systematic study on the geochemical signature of sediments covering the surface of the extraAndean sector of Patagonia which are eventually exported to other surrounding high-latitude environments.
An important feature of dust deposited during last glacial periods in Antarctic ice cores is that they depict an isotopic signature which shows a clear offset position when compared to bulk sediment samples from different southern environments (e.g. Patagonia, Patagonian shelf, Argentinean loess, North Scotia Sea and South Atlantic core sediments) (Fig. 6 ). This offset position could be interpreted as the effect of grain-size fractionation that affects the isotopic composition of very fine grain-size materials as that found in Antarctic ice cores (grain-size fraction around 2 μm)(e.g. Delmonte et al., 2004b) . As observed above, many authors have previously demonstrated that grain-size fractionation affects mainly Sr isotopic composition contrasting with Nd isotopes (Walter et al., 2000; Smith et al., 2003 and cites there in) . This is illustrated in Fig. 6 , where the isotopic composition of similar loess samples used by Delmonte et al. (2004a) to characterize dust sources in South America (grain-size b 5 μm), are compared to those employed by Smith et al. (2003) to study the Argentine loess origin (bulk sediments). Noticeably, for a similar ε Nd (0) composition, the fine grain-size fraction of similar loess samples shows a clear offset position to more radiogenic Sr values, thus matching very well with different dust samples found in Antarctic ice cores (Fig. 6) . Similarly, the isotopic composition analyzed in a single Patagonian top soil (b 5 μm grain-size fraction, Delmonte et al., 2004a) shows higher 87 Sr/ 86 Sr ratio and similar ε Nd (0) values when compared to Patagonian dust (∼10 μm) and to b 63 μm top soil samples (Fig. 6 ). This could imply that samples with similar ε Nd (0) values may have a related origin or can represent comparable mechanisms of eolian sediment transport and deposition for materials derived from southern South America.
Having in mind the above, it is clear that the uniform Patagonian "fingerprint" contrasts with the wide range of isotopic signatures previously employed to invoke a Patagonian origin for the terrigenous particles found in Antarctic ice cores (Grousset et al., 1992; Basile et al., 1997; Delmonte et al., 2004a) (Fig. 6) . However, the differences between these data could be mainly attributed to the reduced number of samples belonging to the extra-Andean part of Patagonia, and also taking into account that most of these samples represent other southern South American environments (e.g., Pampa Plains, Chilean Patagonia, Tierra del Fuego), with contrasting environmental conditions during glacial times (Zárate, 2003; Gaiero et al., 2004) . When the new isotopic signature defining the Patagonian region is plotted together with that of continental sediments found at higher latitudes (e.g., Pampean loess, Argentinean shelf sediments, Atlantic Ocean sediment cores and Antarctic dust cores) (Fig. 6) , it becomes clear that none of them contain a pure Patagonian signature. If the conservative character of Nd isotopes and the grain-size fractionation dependence of Sr isotopes is confirmed, then , 1993; Déruelle and Bourgois, 1993; Naranjo and Stern, 1998; D'Orazio et al., 2003 and this work); Tertiary Plateau lavas (Gorring and Kay, 2001; Gorring et al., 2003; D'Orazio et al., 2004) ; Jurassic rhyolites (Parada et al., 2001; Riley et al., 2001 and this work). Grousset et al., 1992; Basile et al., 1997; Gallet et al., 1998; Walter et al., 2000; Smith et al., 2003; Delmonte et al., 2004a) , compared to the new data set obtained for top soils and eolian dust from Patagonia. The broken line represents the area used by Delmonte et al. (2004a) to represent the isotopic composition of sediments (b5 μm) from South America, which could explain the composition of dust found in Antarctic ice cores (data from Delmonte et al., 2004a,b) . Also, Pampean loess and Patagonian top soil (b5 μm) data were taken from Delmonte et al. (2004a) . sediment cores of the North Scotia Sea and Antarctica could reflect a distal transport of dust with an admixed composition from areas with an undifferentiated geochemical signature (Patagonia, the closest landmass) and a proportion from source areas with sediments containing an upper crustal signature (Central-Western Argentina?/Puna-Altiplano Plateau?).
Concluding remarks
Recent Patagonian sediments appear to show a uniform chemical and isotopic signature explained by the presence of a regional availability of particles derived mainly from explosive volcanism that facilitates both, physical erosion, aerial, subaerial, or fluvial regional dispersion of the pyroclastic material.
After the main Andean uplift, increased denudation of Jurassic ignimbrites and of the sedimentary rocks derived from them, resulted in the accumulation of synorogenic sediments on the eastern slope of the Andes. As the southern Andes were repeatedly glaciated since the Late Miocene, the sediments were distributed on the extraAndean region by inputs from glacial meltwater and by fluvial erosion of volcaniclastic deposits. Moreover, due to a predominant lava flow rock-type and because the Andean uplift caused a drastic orographic rain shadow (Blisniuk et al., 2005) , the Tertiary Plateau volcanism, which occupied most of the eastern arid flat foreland, contributed little to build up the Patagonian geochemical signature.
Geochemical data indicate that the present Patagonian signature was achieved during the Pleistocene, along with the onset of the southern Andean arc explosive volcanism. The volcanic front in the SSVZ occurred in Chile, west to the continental divide. Particles derived from this area gradually contaminated extra-Andean surface sediments by dispersing tephra by means of dominant westerlies. Furthermore, during different glacial-interglacial cycles, fluvial systems transported enormous amount of sediment from the Andes that were then distributed over the entire Patagonian surface. In spite of the recent ash contribution from the Hudson volcano, contamination with materials supplied by this volcano does not modify the typical SSVZ and thus, the REEs distribution and isotopic composition of the Recent Patagonian materials was not significantly altered.
The uniform signature depicted by the Patagonian dust has strong implications for paleoclimatic studies in the region. Sediments deflated from the Patagonian surface result in easy-to-trace end-members in adjoining depositional environments, thus granting the opportunity to gain insight into present and paleo-circulation dynamics in the southern hemisphere. Further studies should elucidate the origin of the crustal-like fraction composition observed in Antarctic dust, South Atlantic sediments, Argentinean shelf and Pampean loess. This will allow the advancement of our knowledge on paleo-atmospheric circulation during glacial times in order to contribute to the improvement of AGCMs models.
